Summary. The blood glucose and plasma insulin responses to some simple carbohydrates (glucose, fructose, lactose) and some complex ones (apples, potatoes, bread, rice, carrots and honey) were studied in 32 Type 2 (non-insulin-dependent) diabetic patients. Blood glucose and plasma insulin were measured at zero time and then at 15, 30, 60, 90 and 120 min after ingestion of 25 g glucose, fructose or lactose, or 30 g honey, 50 g white bread, 125 g white rice or potatoes, 150 g apples or 260 g carrots. Maximum blood glucose and plasma insulin responses were recorded 60 min after ingestion of each test meal. At this time the increases in blood glucose and in plasma insulin were significantly higher after the more refined carbohydrates (glucose, fructose and lactose) than after the more complex ones (apples, potatoes, rice, carrots and honey, -p < 0.01). Counting the blood glucose increase after glucose as 100%, the corresponding increases in glycaemia for other carbohydrates were: fructose, 81.3%; lactose, 68.6%; apples, 46.9%; potatoes, 41.4%; bread, 36.3%; rice, 33.8%; honey, 32.4% and carrots, 16.1%.
Diet is a basic factor in the treatment of diabetes. Nevertheless, recent controversies concerning the composition of the diet in diabetes have highlighted the relative paucity of experimental data or clinical studies on this subject [17, 20, 21, 32, 33, 37] . A conclusion from some recent studies is the favourable effect of a high dietary fibre intake, which improves tolerance to carbohydrates and ensures a better metabolic control of diabetes [1, 2, 6, 13, 29, 30, 34, [41] [42] [43] 47] . It has been shown that similar effects may be obtained by supplementation of the diet with 'purified fibres', such as guar and pectin [3, 14, 15, 22, 23, 26] or wheat bran [5] , although the effects of the latter are not as clear cut. However, these pharmacological supplements make food unpalatable [7, 12, 38] so that most diabetic patients will not comply [48] . A more physiological approach appears to be that of increasing the fibre intake by consuming foods containing natural fibre [2, 29, 30, 38, 42] . Such a diet should, however, be based on sound knowledge of the glucose response to different foods. Unfortunately, there are few studies [9-11, 19, 27, 39] and most of them refer to a limited number of foods.
This paper is a comparative study of the blood glucose and insulin responses recorded in a group of Type 2 diabetic patients after the oral administration of three refined carbohydrates (glucose, fructose, lactose) and six different foods (apples, potatoes, rice, bread, honey and carrots).
Patients and Methods

Patients
Thirty-two diabetic patients participated in the study following informed consent, being admitted to the Clinic of Nutrition and Metabolic Diseases. The patients (21 females and 11 males) ranged in age between 45 and 71 years (mean + SEM, 58.4 _+ 0.63 years). The mean duration of diabetes was 7.1 + 0.36 years and mean index of body mass (weight/height 2) 27.2 + 0.32. Nine diabetic patients were on diet alone, nine were on tolbutamide (0.5-1 g/day), six on metformin (0.5-1 g/day), and eight on tolbutamide (0.5-1 g/day) plus metformin (0.5-1 g/day). These patients were considered to be under fairly good metabolic control (blood glucose < 10mmol/1 determined 1 day before the test).
Me~o~
The tests were carried out in hospital over a 10-t4 day period, during which time the patients consumed a weight-maintaining diet that included at least 200 g carbohydrate/day and at least 2200 kcal/day. Oral hypoglycaemic agents and any drug known to influence glucose metabolism were withdrawn 1 day before each test. One test meal Seventy-seven tests were performed as shown in Table 1 . All tests were conducted at 08.00 h after an overnight fast. The test meals contained 25 g carbohydrates: 25 g glucose, fructose or lactose, 30 g locust honey, 50g white bread, 125 g cooked white rice, 125 g cooked potatoes, 180g apples (14% carbohydrates) and 260g raw carrots (9.2% carbohydrates). Carbohydrate amounts in the various test meals were calculated on the basis of up-to-date tables (Romanian Institute for Food Technology, 1980) referring to the nutrient composition of foods. The white rice and potatoes were cooked i h before each study. Each test meal was consumed in 10-15 min. Glucose, fructose, lactose and honey were taken with 100 ml water.
Venous blood samples were drawn for glucose and insulin measurements in the fasting state (zero time) and then at 15, 30, 60, 90 and 120 min after the beginning of eating. Blood glucose samples were analyzed using the orthotoluidine method and plasma insulin by radioimmunoassay. These methods have been described previously [19] . The results are expressed as mean + SEM, and the paired t-test was applied for comparing the data of the different carbohydrates.
Results
The mean values (+ SEM) for blood glucose and plasma insulin, before and after intake of each carbohydrate tested, are presented in Tables 2 and 3 . The highest blood glucose values were observed after the three refined carbohydrates, glucose itself giving the greatest increase.
At 60 min potatoes, bread, rice, apples, honey and carrots, whose available carbohydrate is largely as sugars, gave significantly lower increases in blood glucose (p < 0.01) than the refined carbohydrates. Some findings were of interest: apples induced a rapid increase, reaching a peak at 30 min, with return almost to initial values after 2 h; white bread and potatoes gave similar increments at 60 min (although the proportion of carbohydrate differed significantly, 50% and 20%, respectively). Two hours later, however, blood glucose was higher after potatoes than after bread. White rice induced an intermediate glucose response, but at 2h the values were not significantly higher than when eating commenced. An unexpectedly small increase of glucose (and insulin) was recorded after honey, although this product does not contain dietary fibre and its concen- tration of carbohydrates is very high (80% of entire product). Finally, carrots, with the lowest carbohydrate content (9.2%), gave the lowest blood glucose increase. Figure 1 shows the glucose response to carbohydrates, expressed as the sum of the blood glucose increments above baseline at 15, 30, 60, 90 and 120 min. Taking the response after glucose as 100%, that after fructose was 81.3%, after lactose 68.6%, apples 46.9%, potatoes 41.4%, bread 36.3%, rice 33.8%, honey 32.8% and carrots 16.1%.
Results expressed as mean + SEM
In general, the insulin response (Table 3 ) ran in parallel with the blood glucose increase within the first 15-30 min: the greater the increment in blood glucose, the greater was the plasma insulin response.
Discussion
As expected, the highest blood glucose increase was recorded after the more refined carbohydrates, being significantly lower after fructose and lactose than after glucose itself (p < 0.01). A shift of the blood glucose curve to the right after fructose and lactose may be explained by the intervention of an intermediate stage during their transformation into glucose [31, 35] . As already mentioned by others [4, 31] the plasma insulin response after fructose (or lactose) is much lower than that after glucose.
As amounts of carbohydrate were approximately equal (25 g ) in all the test meals, the different glucose responses recorded were surprising. Differences for some foods have already been emphasized by several workers [9-11, 27, 28, 39, 44, 45] . In general, for foods that induced a more rapid and greater increase (apples and bread), the values recorded at 2 h were lower. This decrease is brought about by the plasma insulin response running parallel to the increase in blood glucose. The slower absorption of rice and potato carbohydrates, expressed in the right shift of the curve plotted, might perhaps explain the high values found 2 h after ingestion of this food.
An expectedly low blood glucose increase was recorded after the consumption of carrots and honey. For carrots, this may be explained by their high content of dietary fibre. For honey, as previously reported [19] , the high fructose content cannot be expected to raise blood glucose as much as glucose itself [27] . Apart from carbohydrates (approximately 80%, especially fructose) honey also contains some protein compounds (amino-acids, enzymes, hormones), vitamins and trace elements. The metabolic effects of those have not yet been fully established; it is possible that they may include a hypoglycaemic factor.
The hyperglycaemic effects recorded after food of plant origin depend on the rapidity of gastric voiding [18] , as well as on rates of digestion and absorption [26] . [16, 36, 40] , or homogenization of the processed product when added in the form of guar gum or pectin [22, 24, 25] . Although dietary fibre is an important element in the prevention of a marked increase in blood glucose, it cannot explain the variations observed in glucose response to meals having an equal fibre content, unless different fibres have different effects as indeed appears to be the case. Here the presence in natural vegetable products of certain 'bioactive substances' may be important, including: plant pigments (carotenoids, flavones, quinones), enzymes, phytohormones, glycosides, alkaloids etc.
Concerning the hyperglycaemic effect of foods, high post-prandial blood glucose levels can be avoided by a daily intake of 300 g of slowly absorbed carbohydrates; conversely, high levels may appear when the diet contains only 150 g rapid absorption carbohydrates.
In order to prescribe a diet containing an appreciable amount of carbohydrate, without inducing a high parallel increase in blood glucose (with its deleterious effects), grading of the different foods in terms of the glycaemic response, as has been done for normal individuals [27] , may be very useful.
